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[57] ABSTRACT 

A method is described for correcting for effect of iso 
tope burn-in in fission neutron dosimeters. Two quanti 
ties are measured in order to quantify the "burn-in' 
contribution, namely P2',4', the amount of (Z", A") iso 
tope that is burned-in, and Fz', 4', the fissions per unit 
volume produced in the (Z", A") isotope. To measure 
Pz,4', two solid state track recorder fission deposits are 
prepared from the very same material that comprises 
the fission neutron dosimeter, and the mass and mass 
density are measured. One of these deposits is exposed 
along with the fission neutron dosimeter, whereas the 
second deposit is subsequently used for observation of 
background. P2',4' is then determined by conducting a 
second irradiation, wherein both the irradiated and 
unirradiated fission deposits are used in solid state track 
recorder dosimeters for observation of the absolute 
number of fissions per unit volume. The difference be 
tween the latter determines PZ', 4' since the thermal 
neutron cross section is known. FZ, 4' is obtained by 
using a fission neutron dosimeter for this specific iso 
tope, which is exposed along with the original threshold 
fission neutron dosimeter to experience the same neu 
tron flux-time history at the same location. In order to 
determine the fissions per unit volume produced in the 
isotope (Z", A") as it ingrows during the irradiation, Bz. 
A", from these observations, the neutron field must gen 
erally be either time independent or a separable function 
of time t and neutron energy E. 

7 Claims, No Drawings 
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METHOD FOR CORRECTING FOR ISOTOPE 
BURN-IN EFFECTS IN FISSION NEUTRON 

DOSMETERS 

BACKGROUND OF THE INVENTION 
The invention which is the subject of this application 

was created under a contract with the U.S. Department 
of Energy. 

This invention relates to monitoring neutron fluence 
by dosimeters and, more particularly, to a method for 
correcting for “burn-in' or ingrowth of interfering 
fissioning isotopes during fission rate measurements for 
neutron dosimetry purposes. 

Federal regulations require that reactor coolant pres 

O 

15 

sure boundaries have sufficient margin to ensure that 
the boundary behaves in a non-brittle manner when 
stressed under operating, maintenance, testing, and pos 
tulated accident conditions, and that the probability of 
rapidly propagating fracture is minimized. These re 
quirements necessitate prediction of the amount of radi 
ation damage to the reactor vessel throughout its ser 
vice life, which in turn requires that the neutron expo 
sure to the pressure vessel be monitored. m 

Fission neutron monitors are often used in neutron 
dosimetry, and can provide pivotal fast flux spectral 
information, such as for light water reactor pressure 
vessel surveillance. 

In neutron dosimetry, a fission monitor of charge Z. 
and mass number A is exposed to a neutron beam hav 
ing and energy spectrum db (t, E) which generally is a 
function of time t and neutron energy E. During the 
irradiation, a higher order or larger atomic weight acti 
nide isotope (Z, A") can be created by neutron capture 
in the (Z, A) isotope of the fission neutron dosimeter. 
Neutron capture actually produces the isotope (Z, 
A-1) and subsequently decay processes then create the 
(Z", A") isotope, with A" = A-1. 

Consequently, the total number of fissions per unit 
volune, FT, observed with this fission neutron dosime 
ter is given by: 

FT= FZ, A+BZ', 4' 

where FZ, A is the number of fissions per unit volume 
produced in the isotope (Z., A) and BZ, 4' is the number 
of fissions per unit volume produced in the isotope (Z", 
A") as it ingrows during the irradiation. Although the 
quantity FZ, A is desired, FT is actually measured. The 
term BZ, 4 represents a contribution from the higher 
order actinide (Z, A"), i.e., the so-called "burn-in' ef. 
fect. In light water reactor pressure vessel surveillance 
work, this contribution can be non-negligible for a 238U 
threshold fission monitor where burn-in effects arise 
from fission in 239Pu. In fact, recent analysis shows that 
the burn-in effect for 238U can be as high as about 30 
percent in light water reactor pressure vessel environ 
nets. 

In light of the above, a method is desired for effi 
ciently and accurately correcting for burn-in effects in 
fission neutron dosimeters. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a method for correcting for isotope burn-in 
effects in fission neutron dosimeters, which method is 
capable of adaptation to diverse geometries. 
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2 
It is another object of the present invention to pro 

vide a method for correcting for isotope burn-in effects 
in fission neutron dosimeters, wherein relatively small 
dosimeters are employed that are capable of being used 
in situ with negligible perturbation of the environment. 

It is another object of the present invention to pro 
vide a method for correcting for isotope burn-in effects 
in fission neutron dosimeters which is capable of high 
sensitivity and absolute accuracy. 

It is another object of the present invention to pro 
vide a method for correcting for isotope burn-in effects 
in fission neutron dosimeters which is capable of quanti 
fying background effects. 

Finally, it is an object of the present invention to 
provide a method for correcting for isotope burn-in 
effects in fission neutron dosimeters which is capable of 
conducting measurements in extremely high neutron 
fluences. 
To achieve the foregoing and other objects of the 

present invention, and in accordance with the purposes 
of the invention, there is provided a method for correct 
ing for the burn-in effect in fission neutron dosimeters, 
wherein two quantities are measured in order to quan 
tify the burn-in contribution, namely PZ', 4', the amount 
of (Z', A) isotope that is burned in, and FZ, 4', the 
fissions per unit volume that would be produced from 
the start of the irridation in a dosimeter made of the (Z", 
A") isotope. Monitors used to measure these two quanti 
ties must experience the very irradiation that the fission 
neutron dosimeter undergoes, i.e., the same location and 
flux-time history. 
To measure the burn-in of the (Z, A") isotope, two 

solid state track recorder fission deposits are prepared 
from the very same material that comprises the fission 
neutron dosimeter and the two are quantified, i.e., the 
mass and mass density are measured. One of these de 
posits is exposed along with the fission neutron dosime 
ter, whereas the second deposit is subsequently used for 
observation of background, which is any fission track 
contribution from actinide impurities in the fission do 
simeter. The amount of burn-in of the (Z", A") isotope is 
determined by conducting a second irradiation, wherein 
both the irradiated and unirradiated fission deposits are 
used in solid state track recorder dosimeters for obser 
vation of the absolute number of fissions per unit vol 
ume. The difference between these two absolute solid 
state track recorder measurements can be used to quan 
tify the amount of burn-in since the neutron cross-sec 
tion is known. 
The fissions per unit volume of the (Z", A") isotope 

can be obtained by using a fission neutron dosimeter 
prepared specifically for this isotope. The (Z", A") fis 
sion dosimeter is exposed along with the original thresh 
old fission neutron dosimeter, so that it experiences 
exactly the same neutron flux-time history at the same 
location. 

In order to determine B2, 4 from these observations, 
certain assumptions on the time dependence of the neu 
tron field must hold. More specifically, the neutron field 
must generally be either: 

(1) time independent, or 
(2) a separable function of time t and neutron energy 

E. 
Reactor irradiations can often be carried out at con 

stant power, in which event assumption (1) would be 
valid. In the case that assumption (1) does not hold, 
assumption (2) is quite likely to be valid. Moreover, for 
this case, the reactor power intrumentation can often be 
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used to determine the separable time-dependent behav 
ior of the neutron field. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIDMENTS 

As discussed above, when fission neutron dosimeters 
are applied to neutron dosimetry, such as those used for 
surveillance in light water reactor pressure vessels, 
higher order actinide isotopes can be produced in the 
dosimeter by the neutron field. These higher order 
actinide isotopes can also undergo fission and thereby 
contribute to the number of fissions or fission rate that is 
observed with the dosimeter. This application describes 
a novel method which uses solid state track recorders to 
correct for burn-in. 

In this method, two quantities are measured in order 
to quantify the burn-in contribution, namely PZ', 4', the 
amount of (Z", A") isotope that is burned in, and FZ, 4', 
the fissions per unit volume produced in the (Z', A") 
isotope. Monitors used to measure these two quantities 
must experience the very same irradiation that the fis 
sion neutron dosimeter undergoes, i.e., it must be at the 
same location and exposed to the same flux-time his 
tory. 
To measure the amount of burn-in of the (Z", A") 

isotope PZ', 4', two solid state track recorder fission 
deposits are prepared from the very same material that 
comprises the fission neutron dosimeter. These two 
solid state track recorders are then quantified by accu 
rately measuring the mass and mass density thereof. 
One of these deposits is exposed by placing it against the 
fission neutron dosimeter, whereas the second deposit is 
subsequently used for observation of background. The 
amount of burn-in of the (Z", A") isotope P2',4' is deter 
mined by conducting a second irradiation, wherein both 
the irradiated and unirradiated fission deposits are used 
in solid state track recorder dosimeters for observation 
of the absolute number of fissions per unit volume. 
For example, the 239Puburn-in produced by using a 

238U fission neutron dosimeter is most efficiently ob 
served by using a thermal neutron field for the second 
irradiation. Here the second solid state track recorder 
dosimeter is used to measure any fission background 
that can arise in the original fission neutron dosimeter 
material. The difference between these two absolute 
solid state track recorder measurements can be used to 
quantify the amount of 239Pu, since the thermal neutron 
cross section of 239Pu is well known. 
The fissions per unit volume F2',4' of the (Z", A") 

isotope can be obtained by using a fission neutron do 
simeter prepared specifically for this isotope. For exam 
ple, a radiometric fission dosimeter could be used for 
this purpose. A radiometric fission recorder is a dosime 
ter which measures the radioactivity of a specific fission 
product isotope. From the absolute radioactivity of this 
fission product isotope, the fission rate is determined. A 
solid state track recorder fission dosimeter could also be 
used for this purpose. In any event, the (Z", A") fission 
dosimeter is exposed along with the original threshold 
fission neutron dosimeter, so that it experiences exactly 
the same neutron flux-time history at the same location. 

In order to determine the burn-in from these observa 
tions, i.e., the term Bz., A' in the above equation, certain 
assumptions on the time dependence of the neutron field 
must hold. More specifically, the neutron field must 
generally be either: 

(1) time independent; or 
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4. 
(2) a separable function of time t and neutron energy 

E. 
For the latter case, the term BZ, 4 must be expressible 
as the product of two functions, one of which is a func 
tion of time t only and the other being a function of 
neutron energy E only. 

Reactor irradiation can often be carried out at con 
stant power, in which event assumption (1) would be 
valid. In the latter case that assumption (1) does not 
hold, assumption (2) is quite likely to be valid. More 
over, for this latter case, the reactor power instrumenta 
tion record can often be used to determine the separable 
time-dependent behavior of the neutron field. The use 
of these assumptions in the determination of the burn-in 
term, Bz', 4', is discussed below in greater detail. 

Let f2, A(t) and f2',4'(t) be the fission rates of the (Z, 
A) and (Z", A") isotopes per nucleus, respectively. 
These fission rates can be expressed in the form: 

cy) (1) 

fz.A(t) = / d(t,E)o 2(E) dE 

and 

where oz?, A(E) and oz?, 4(E) are the fission cross 
section of the (Z, A) and (Z", A") isotopes, respectively. 
Here d (t, E) represents the neutron spectrum which 
generally depends on time tas well as neutron energy E. 

For a reactor irradiation of duration T, the total fis 
sions per nucleus Fz,4(T) and F2',4'(t) produced in the 
(Z, A) and (Z', A") isotopes, respectively, can be ob 
tained by integration of Equations (1) and (2) over time 
t, so that: 

(3) 
/ dt 
O 

and 

Ca 

During this irradiation, let p2, 4 be the rate of burn 
in, that is, the production of the isotope that is created 
by neutron capture in the (Z., A) isotope of the fission 
neutron dosimeter at time t. Under the assumption that 
the half-life of the decay processes forming the (Z", A") 
isotope are negligible compared with reactor irradiation 
times, this production rate can be expressed in terms of 
the neutron capture cross section ozC, A(E) of the (Z, 
A) isotope: 

where nz, A is the atom density of the (Z, A) isotope. 
Atom density can be expressed in atoms per unit volume 
or atoms per unit mass. 

Hence, the density P2',4'(t) of the production of the 
isotope (Z, Z) at any time tist during the irradiation 
interval T, is given by: 
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. (6) 
PZA'(t) = ( ?za () d 

T 

0. 

which can be written as: 

(7) t 

PZA'(t) = nz.A f d' 

Equation (7) assumes there is negligible loss in nz, A 
over the irradiation time. This assumption is usually 
satisfied. If it is not, the method described herein is still 
valid and the actual time dependence of n2, A can be 
taken into account in going from Equation (6) to (7). 

Consequently, the fission density B2, A, produced by 
the burn-in of the (Z., A) isotope during the irradiation 
can be expressed as: 

where PZ, A'(t) is given by Equation (7) and f2., A'(t) is 
given by Equation (2). 
While Bz.4 is the desired burn-in term, what is actu 

ally measured is production during the irradiation of 
duration T, P2, A(t) and the total fissions per nucleus 
Fz, A'(t) from the irradiation of duration T. Conse 
quently, it is of interest to examine the conditions under 
which B2',4' can be obtained from Equation (8) in terms 
of the observed quantities PZ', 4'(t) and FZ,4'(t). For a 
neutron field independent of t, one has 100 (t,E)= db(E) 
and Equation (8) becomes: 

Bz.4 = nza t?/2. (9) 

For the time-independent case, Equations (4) and (7) 
give, respectively: 

c (10) 
FZA'(t) = t . f (b(E)o24 (E) dE 

and 

ex (11) 
PZA'(t) = nz t . f d(E)o2(E) dE 

Using Equations (10) and (11) in Equation (9), one 
finds for the time-independent case: 

Bz.4 = {PZA'(t). FZZA'(t)} (12) 

For the case of a separable time-dependent behavior 
of the neutron field, one can write: 
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Here the time-dependent term T(t), is known from reac 
tor power instrumentation records. Using this assump 
tion in Equation (8), one finds: 

(14) 

Also under this assumption, PZ', 4'(t) and FZ, A'(r) be 
come, respectively: 

T 

and 

(16) 
r o 

F24 (t) - f ro) f (bo(E)o24 (E) de 
Using Equations (15) and (16) in Equation (14), one 

finds the burn-in term can be expressed in the form: 

(17) 
r f 

O O 
Bz.4 = ----- (P24'(r). F24(r)) 

Except for the time-dependent integrals, Equation 
(17) is of the same form as Equation (12). Indeed, for 
T(t) = constant, one finds Equation (17) reduces to 
Equation (12). More generally, the coefficient in Equa 
tion (17) arising from the time-dependent integrals can 
be evaluated using known reactor power instrumenta 
tion measurements, which define the separable time 
dependent function T(t). That is, chart recorders, usu 
ally located in the reactor operations room, provide a 
record of the power time history of the reactor irradia 
tion. 
The method described above can be applied in a 

number of other ways. The original fission monitor for 
the (Z., A) isotope, in which Frfissions per unit volume 
are observed, may be either a radiometric or solid state 
track recorder fission dosimeter. The fission rate in the 
(Z", A") isotope can also be observed with either a radio 
metric or solid state track recorder fission dosimeter. 
The requirements of the specific application at hand 
will usually dictate which type of dosimeters are em 
ployed. For example, extremely thin solid state track 
recorders can be expressed for the (Z, A) and (Z", A") 
isotopes, so that infinitely dilute fission rate measure 
ments can be conducted. Hence in applications where 
resonance self-shielding is non-negligible, use of solid 
state track recorder dosimeters are recommended for 
both (Z, A) and (Z', A) fission rate observations. 
On the other hand, radiometric fission dosimeters do 

not possess the fluence limitations of solid state track 
recorders, and consequently can be used for very high 
fluence applications. In the event resonance self-shield 
ing is non-negligible, extremely thin solid state track 
recorder deposits of both (Z, A) and Z, A") isotopes can 
serve as radiometric dosimeters for infinitely dilute 
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fission rate measurements of very high fluence. The 
solid state track recorder deposit for the (Z., A) isotope 
would then be available for use in follow-on irradiations 
to determine the burn-in term. 
This method may also be applied retroactively to 

correct fission rate measurements already conducted 
with radiometric dosimeters. This is particularly impor 
tant for light water reactor pressure vessel surveillance 
work, where extensive radiometric fission dosimeters 
already exist. In such cases, solid state track recorder 
deposits would be prepared from irradiated and unir 
radiated radiometric dosimeters that were used for the 
original (Z, A) fission rate measurement. These deposits 
could then be used to determine the amount of the (Z', 
A") isotope that was burned-in. It must be stressed that 
this burn-in determination can in principle account for 
any resonance self-shielding introduced by the radio 
metric dosimeter. To complete this correction, the fis 
sion rate in the (Z., A) isotope for the original reactor 
irradiation must be known. If the fission rate in the (Z', 
A") isotope was not measured during the original reac 
tor irradiation, it would have to be determined by either 
measurement or calculation. Measurement would entail 
a second irradiation of a radiometric or solid state track 
recorder fission dosimeter, which should duplicate the 
original irradiation as closely as possible. In either 
event, the observed (Z", A") fission rate would require a 
calculated correction for resonance self-shielding. 
The method described above possesses all the advan 

tages of passive techniques used for neutron dosimetry, 
such as radiometric dosimetry, and also includes the 
following advantages: 

(1) easily adapted to diverse geometries; 
(2) dosimeters can be small in size and therefore can 

be used in-situ with negligible perturbation of the envi 
ronment; 

(3) high sensitivity and absolute accuracy are avail 
able; 

(4) background effects can be quantified; and 
(5) since radiometric dosimetry can be applied to 

observe fissions per unit volume induced in the (Z', A) 
and (Z., A) isotopes during the irradiation, measure 
ments can be conducted to extremely high fluence. 
The foregoing is considered illustrative only of the 

principles of the invention. Further, since numerous 
modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention 
to the exact construction and operation shown and 
described. Accordingly, all suitable modifications and 
equivalents, falling with the scope of the invention and 
the appended claims may be resorted to. 
We claim: 
1. A method for correcting for burn-in in a fissionable 

neutron dosimeter employing a fissionable isotope (Z, 
A), comprising the steps of: 
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(a) forming two solid state track recorders with fis 

sion deposits of the same fissionable material as the 
fissionable neutron disometer; 

(b) exposing a first of the two solid state track record 
ers and the fissionable neutron dosimeter to a first 
neutron fluence, at least effectively with the same 
neutron flux-time history with respect to the loca 
tion of one of them in the first neutron fluence, 
whereafter the fissionable neutron dosimeter indi 
cates a total number of fissions FT which is to be 
corrected for the burn-in; 

(c) irradiating the two solid state track recorders with 
a second neutron fluence; 

(d) determining the amount of burn-in PZ', 4' of a 
higher order isotope (Z", A"), wherein A'> A, in 
the fission deposit of the first solid state track re 
corder from the difference between the absolute 
numbers of fissions per unit volume of the fission 
deposits in the two solid state track recorders; 

(e) determining the number of fissions Fzi, 4 of the 
higher order isotope (Z", A") in the fissionable de 
posit of the first solid state track recorder during 
the exposure to the first neutron fluence; and 

(f) using PZ', 4' and F2, 4 to correct the total number 
of fissions FT indicated by the fissionable neutron 
dosimeter, to provide a value corresponding to the 
fission rate of the fissionable isotope that is cor 
rected for the fissions due to the burn-in. 

2. The method as recited in claim 1, wherein the first 
neutron fluence is time independent or a separable func 
tion of time and neutron energy. 

3. The method as recited in claim 2, wherein the step 
(e) of determining the number of fissions FZ, 4 of the 
higher order isotope (Z", A") further comprises the sub 
step of exposing a further fission neutron dosimeter 
prepared for the higher order isotope (Z", A") to at least 
effectively the same neutron flux-time history at the 
same location in the first neutron fluence. 

4. The method as recited in claim 2, wherein the 
fission neutron dosimeter for which the burn-in is to be 
corrected is selected from the group consisting of a 
radiometric fission dosimeter and a solid state track 
recorder fission dosimeter. 

5. The method as recited in claim 3, wherein the 
further fission neutron dosimeter is selected from the 
group consisting of a radiometric fission dosimeter and 
a solid state track recorder fission dosimeter. 

6. The method as recited in claim 2, wherein the step 
(b) further comprises the substep of exposing the first 
solid state track recorder fission deposit and the fission 
able neutron dosimeter to be corrected for the burn-in at 
separate times but for corresponding periods and neu 
tron fluxes at the same location. 

7. The method of claim 1, further comprising the step 
of determining the value of the first neutron fluence 
based on the total number of fissions Fras corrected for 
the burn-in. 
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